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Fluorescence and excitation spectra (T = 5–290 K) of nanosized silicon–organic polymers
poly(di-n-hexylsilane) and poly(methyl(phenyl)silane) incorporated into porous silica materials
MCM-41 and SBA-15 have been studied with varying pore diameter from 2.8 to 10 nm. The con-
trolled variation of the pore diameter in the wide range (2.8–10 nm) permitted us, for the first
time, to investigate the optical properties of the polymers on their transition from isolated
macromolecules to a film. It is found that this transition depends on polymer type and occurs via
the formation of new spatially independent structures of the polymers not observed in the spectra
of the film, namely, via the formation of disordered and (or) ordered conformations of polymer
chains and clusters.
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Keywords: nanosized composites, silicon–organic polymers, nanoporous silicas, optical spectra.
Introduction
Wide application of nanosized polymers in diffe-
rent technologies such is transport and luminescent
layers in electroluminescent diodes, sensors, photo-
resistors [1,2] stimulates the investigation of their op-
tical and electrical properties. One of the promising
methods of preparing nanosized polymers is nano-
composites of a «host–guest» type where a polymer
(«guest») is incorporated into nanopores of silica ma-
terials MCM-41and SBA-15 («host»). Varying nano-
pore size and composite composition makes it possible
to change both the phase state and the structure of the
nanostructure, many of its properties being changed
compared to those of polymer films (luminescence ef-
ficiency, charge carrier mobility, diffusion coefficients
of excited states, etc.). Controlling the nanocom-
posite structure enables one to exerts control over
their properties and to obtain new materials with pre-
scribed characteristics.
The silicon–organic polymers are disordered media
with weak intermolecular interactions between macro-
molecules. If the polymer is in a limited space, then
the interactions between macromolecules and pore
surface are of great importance in addition to the
intermolecular ones. Controlling the variation of pore
diameter within a wide range makes it possible to
change the contribution of these interactions. If there
is only an isolated macromolecule in a pore, the poly-
mer surface interaction will be most important. It is
by this interaction in a pore of small diameter that the
origination of new polymer states in composites is
mainly responsible for [3–5]. As the pore diameter in-
creases, a number of polymer chains in the pore in-
crease too and their microscopic properties may be
quite different due to the modification of their confor-
mation, packing and orientation.
We prepared nanocomposites based on silicon–or-
ganic polymers poly(di-n-hexysilane)(PDHS) and
poly(methyl(phenyl)silane)(PMPS) incorporated into
porous materials MCM-41 and SBA-15 with a pore di-
ameter ranged from 2.8 to 10 nm. Their fluorescence
(FL) and excitation spectra were studied at tempera-
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tures between 5 and 290 K. The polymer localization in
a pore was examined by the x-ray diffraction technique.
The controlled variation of the pore diameter in a
wide range (2.8–10 nm) enabled, for the first time,
the optical properties of polymers to be investigated
on their change from isolated macromolecules to a
film. As will be shown below, this transition depends
on a polymer type and occurs via the formation of new
spatially independent polymer structures not observed
in the spectra of the film. For a thermochromic poly-
mer, as is PDHS, it occurs via the formation of disor-
dered and ordered conformations of polymer chains
and clusters. If a polymer is not thermohromic (for ex-
ample, PMPS) this transition occurs via the formation
of separate macromolecules and their clusters.
Experimental procedure
Silicas MCM-41 and SBA-15 were synthesized by
the technigues given in [6,7]. The synthesized samples
were filtered, washed and dried in air at 323 K. To re-
move a template, MCM-41 was first calcinated in an
oven for one hour at 373 K (the rate of increasing tem-
perature being 1 K/min) and then in dry air at 813 K
for 23 hours. The synthesized samples of SBA-15 were
first dried at 413 K (the rate of temperature raise
being 1 K/min) and then in air dry at 823 K for four
hours. The template removal was controlled by the IR
spectroscopy method (Specord IR 75). The structures
of the calcinated samples were classified by using the
IR spectroscopy, x-ray diffraction (DRON-3M) and
adsorption methods (nitrogen adsorption). Each of
MCM-41 and SBA-15 samples displayed intensive
Bragg reflexes and sharp steps in the isotherms
at p/ps 0.4. The isotherms were measured with
ASAP 2000 after the samples were degassed at 423 K
to 20 Torr for 6 hours. The porous system parameters
were calculated from the isotherm absorption bran-
ches by the method given in [8]. Polymers PDHS
(M = 53600) and PMPS (M = 11160) were incorpo-
rated into the porous matrix structure from the poly-
mer solutions in toluene (1wt.%). The sample was
mixed with the solution, then the mixture was placed
into a dark vessel where it was slowly stirred for same
hours at 293 K and kept until the solvent evaporates.
The composite obtained was double washed in fresh
toluene to remove the polymer from the outer surface.
Then the samples were dried for 12 hours at room tem-
perature for the residual moisture to be removed and
hold within an desiccators.
The polymer film were deposited onto a quarts sub-
strate or the surface of «host» by spin-coating. The
FL, phosphorescence and excitation spectra were
taken with DFS-12 and Hitachi MPF-4 integrated
with the helium cryostat at temperature ranged from
5 to 290 K. Fluorescence was excited by a wavelength
of 313 nm separated with a xenon lamp and a mono-
chromator. The absorption spectra (T = 295 K) of the
films and the solutions in toluene (the concentration
C being varied from 10–7 to 10–1 mol/l) were investi-
gated with a spectral-computer system KSVU-23.
Experimental results
Fluorescence and excitation spectra of nanosized
PDHS incorporated into porous silica materials
MCM-41 and SBA-15
Figure 1 shows the FL spectra of the nanosized
PDHS incorporated into porous materials with diffe-
rent pore diameters: 1 — into MCM-41 (the pore di-
ameter of 2.8 nm); 2 through 4 — into SBA-15 with
the pore diameter of 5.8, 8 and 10 nm, respectively;
5 — the film onto quarts (T = 5 K, exc = 313 nm).
Curves 1 through 4 are normalized by the band inten-
sity with a maximum at 350 nm. It is know that the FL
spectrum of the film (T = 5 K, exc = 313 nm, Fig. 1,
curve 5) consists of a narrow band with a maximum at
371 nm which is responsible for by the *– transition
in the polymer chain [9]. In the absorption spectrum
of the PDHS film (T = 10 K) to this transition corre-
sponds an intensive band with a 365 nm maximum. In
addition, one can observe a very weak band with a
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Fig. 1. The fluorescence spectra (T = 5 K) of PDHS in-
corporated into nanoporous silicas: 1 — of the MÑM-41
with pore diameter of 2,8 nm, 2–4 — of the SBA-15 with
pore diameter ranging from 5.8; 8 to 10 nm. Curves 2–4 are
normalized by the intensity of the band with the maximum
at 350 nm. Inset: the structural formula of PDHS.
313 nm maximum that corresponds to the disordered
conformation of the polymer chain segments.
As is evident from Fig. 1, the FL spectrum of the
PDHS/MCM-41 composite, unlike that of the film
on quarts, consists of three bands: a narrow band with a
350 nm maximum which is displaced by 20 nm to a
short-wavelength side with respect to the corresponding
band in the spectrum of the film, very weak band with a
maximum at 333 nm, and a new wide intensive band in
the visible region with a maximum at 410 nm [3,4].
The excitation spectrum (T = 5 K) of PDHS incorpo-
rated into porous material MCM-41 with a pore 2.8 nm
diameter is shown in Fig. 2. The FL spectrum is illus-
trated for comparison. As seen from Fig. 2, on recording
into the 350 nm FL band (dashed arrow) the excitation
spectrum (dashed curve) displays a strong narrow band
with a 346 nm maximum and a weak band with a
336 nm maximum. It should be mentioned that the exci-
tation spectrum recorded at = 410 nm (solid arrow) ex-
hibits, in addition to the 344 nm band, a new strong
band with a maximum at  = 300 nm (solid curve).
The intensity of the 410 nm wide FL band decreases
substantially with increasing temperature [4]. At
T = 410 K the spectrum displays only a narrow band the
intensity of which slightly decreases compared to a con-
siderable reduction of the intensity and a broadening of
the band observed in the FL spectrum of the film [10].
If PDHS is deposited onto the surface of MCM-41,
its FL and excitation spectra will fit the correspond-
ing spectra of the film.
In Fig. 3 show are the x-ray powder diffraction pat-
terns for MCM-41 and composite PDHS/MCM-41.
As can be seen, the intensity of the diffraction peaks
for the composite decreases compared to those for pure
MCM-41.
The FL spectrum of PDHS incorporated into po-
rous material SBA-15 (the pore diameter of 5.8 nm)
exhibits no wide band in the visible region, and the
same is true for the excitation spectrum. Aside from
the 333 nm and 350 nm bands (Fig. 1, curve 2), the
spectrum also displays a very weak long-wavelength
band with a maximum at 367 nm. With increasing the
pore diameter up to 8 nm the FL spectrum demon-
strates the same bands but there occur their shifts to-
wards a long-wavelength side and a considerable re-
distribution of the bands intensities: the intensities of
the 335 and 368 nm bands increase considerably
(Fig. 1, curve 3).
The FL spectrum of PDHS incorporated into
SBA-15 with the pore diameter of 10 nm displays at
once the same three bands shifted to a red sides (Fig.1,
curve 4). The greatest shift is observed for the central
band. The existence of the three bands is supported in
studies of the excitation spectra of this composite at
T = 5 K (Fig. 4). As seen from Fig. 4, to the FL bands
with the 337, 335 and 369 nm maxima (dashed, dot-
ted, and solid arrows, respectively) correspond the ex-
citation bands with the 318 nm, 345 nm and 357 nm
peaks (dashed, dotted and solid curves), respectively.
It should be noted that only on recording the
369 nm FL band one can observe the 345 nm band,
aside from the 357 nm one, in the excitation spectrum.
Decomposition the FL spectra into three curves demon-
strated that the short-wavelength band half-width is
much broader than those of the two longer-wavelength
bands (16, 9, 10 nm, respectively). The experimental
showed (Fig. 5) that the intensity of the FL band of
PDHS/SBA-15 composites was practically independ-
ent on temperature, as opposed to a red shift and strong
broadening of the FL band of the bulk film of PDHS
on a quartz substrate with increasing temperature [10].
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Fig. 2. The fluorescence (exc = 313 nm, Ò = 5 K) and exci-
tation spectra (Ò = 5 Ê) composite PDHS/MCM-41 (pore
diameter of 2.8 nm). The arrows indicate the FL bands for
with the excitation spectra were recorded. The related excita-
tion spectra are shown by corresponding line kinds.
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Fig. 3. X-ray powder diffraction patterns for calcined
MCM-41 (2.8 nm) (1) and its composite with PDHS po-
lymer (2).
Fluorescence and excitation spectra of PMPS incor-
porated into porous silica materials MCM-41 and
SBA-15
It is known [11] that the FL spectrum of the PMPS
film on a quartz substrate (T = 5 K, exc = 313 nm)
consist of two bands: a narrow band with a 352 nm
maximum that is associated with the – transitions
in the polymer chain, and a wide band in the visible
region with a 410 nm maximum and an extended
long-wavelength edge up to 550 nm (Fig. 6, curve 1).
The latter is responsible for by the transitions of the
polymer chain to defect states [12]. The absorption
spectrum of the PMPS film on quartz (T = 5 K) con-
sist of two bands with 338 and 270 nm maxima that
are associated with the – transitions in the main
polymer chain and in the phenyl ring. Similar bands
are observed in the excitation spectrum of this film
(T = 5 K) on recording into the FL band with r =
= 352 nm. For r = 410 nm one can observe an addi-
tional band with a maximum at 305 nm.
In Fig. 6 illustrated are the FL spectra (T = 5 K,
exc = 313 nm) of the PMPS film on quartz (curve 1)
and of nanosized PMPS incorporated into porous ma-
terial with different pore diameters: curve 2 — into
MCM-41 (the pore diameter of 2.8 nm); curves 3 —
through 5 — into SBA-15 with pore diameter of 5.8, 8
and 10 nm, respectively. Curve 2 in Fig. 6 indicates
that the FL spectrum of PMPS incorporated into
MCM-41 (a pore 2.8 nm diameter) consist of two
bands: a weak narrow band with a maximum at
345 nm and a very intensive wide band with a maxi-
mum at 470 nm. The narrow band maximum is shifted
relative to that in the FL spectrum of the film (Fig. 6,
curve 1) towards a short-wavelength side by 7 nm. As
the temperature is increased from 5 to 290 K the wide
band intensity decreases and its maximum shifts to-
wards a red side (Fig. 7). The intensity of the narrow
– band is little affected. As is evident from Fig. 8,
the excitation spectrum of this sample (T = 5 K) dis-
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Fig. 4. The fluorescence (exc = 313 nm, Ò = 5 K) and ex-
citation spectra (Ò = 5 Ê) composite PDHS/SBA-15 (pore
diameter of 10 nm). The arrows indicate the FL bands for
with the excitation cpectra were recorded. The related ex-
citation spectra are shown by corresponding line kinds.
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Fig. 5. Temperature dependence of FL spectra
PDHS/SBA-15 composite (pore diameter of 10 nm,
exc = 313 nm).
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Fig. 6. FL spectra (T = 5 K) of PMPS incorporated into
nanoporous silicas : 1 — of the MÑM-41 with pore diame-
ter of 2,8 nm, 2–4 — of the SBA-15 with pore diameter
ranging from 5.8; 8 to 10 nm. Curves 2–4 are normalized
by the intensity of the band with the maximum at 350 nm.
Inset: the structural formula of PMPS.
played, on recording into the 345 nm FL band (dashed
arrow), the following bands: a 334 nm band and a
very week band in the vicinity of 270 nm; moreover, at
r = 470 nm (solid arrow) one can observe one more
band with a maximum at 301 nm (solid curve).
It should be mentioned that the FL and excitation
spectra of the polymer deposited on the porous mate-
rial surface are coincident with those of the film.
The FL spectrum of PMPS incorporated into the
porous silica materials with pore 5.8 nm diameter is
shown in Fig. 6 (curve 3). The spectrum displays a
weak band whose maximum is coincident with that of
the band for the composite PMPS/MCM-41. This
band has a long-wavelength shoulder with a 352 nm
maximum. Of important fact is the disappearance of
not only the wide FL band in the visible region with
470 nm maximum that was observed in the FL spec-
trum of PMPS/MCM-41 composite but the band with
the 410 nm maximum observed in the FL spectrum of
the film. Of importance also is the emergence of a new
narrow intensive band with a 372 nm maximum in the
FL spectrum of this composite. The excitation spectrum
of this sample ( T = 5 K, r = 345 nm, Fig. 8) demon-
strates a single wide band with a 326 nm maximum. At
r = 352 nm the maximum is shifted towards 338 nm
and at r = 372 nm to 343 nm. What is more, in the lat-
ter case there appears a band with a 302 nm maximum.
The FL spectrum of the composite PMPS/SBA-15
(pores 8 nm diameter, T = 5 K, exc = 313 nm) demon-
strates no narrow band with the 345 maximum while
one can observe a strong narrow band with a 374 nm
maximum, a weak short-wavelength shoulder with a
355 nm maximum and a strong long-wavelength
shoulder with a 392 nm maximum (Fig. 6, curve 4).
The excitation spectrum of this composite, on record-
ing into the 355 nm FL band (solid arrow), displays a
260 nm band (not shown in the figure), a 290 nm
strong band, a weak 329 nm band and a very weak
342 nm band (Fig. 9). It is of interest that on record-
ing into the 374 and 392 nm bands (dotted and dashed
curves, respectively) one can observe the same bands
but of different intensities.
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Fig. 7. Temperature dependence of FL spectra PMPS/MCM-41
composite (pore diameter of 2,8 nm, exc = 313 nm).
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Fig. 8. FL (exc = 313 nm, Ò = 5 K) and excitation spec-
tra (Ò = 5 K) composite PMPS/MCM-41 (pore diameter
of 2.8 nm). The arrows indicate the FL bands for with the
excitation spectra were recorded. The related excitation
spectra are shown by corresponding line kinds.
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Fig. 9. FL (exc = 313 nm, Ò = 5 K) and excitation spec-
tra (Ò = 5 K) composite PMPS/SBA-15 (pore diameter of
8 nm). The arrows indicate the FL bands for with the ex-
citation spectra were recorded. The related excitation spec-
tra are shown by corresponding line kinds.
The FL (Fig. 6, curve 5) and excitation spectra of
PMPS/SBA-15 (pores 10 nm diameter) are coinci-
dent with the corresponding spectra of the film.
It should be noted that porous silica materials
MCM-41 and SBA-15 do not fluorescence at 5 K; one
can observe only phosphorescence in the region of
400–500 nm, therefore the process of excitation en-
ergy transfer from the polymer to the porous material
may be thought as not occurring. The absorption spec-
trum of these materials consists of a wide band with a
maximum at about 250 nm.
FL and absorption spectra of PDHS and PMPS
solutions
The FL spectra of PDHS solid solutions in toluene
are studied with increasing the polymer concentration C
from 10–7 to 10–2 mol/l (Fig. 10, curves 1 through 4:
1–10–7; 2–10–5; 3–10–4 and 4–10–2 mol/l (T = 10 K,
exc = 313 nm)). As seen from Fig. 10, curve 1, the FL
spectrum at very low concentrations displays a single
band with a maximum of 358 nm which presumably
corresponds to the transition from one polymer chain.
As the polymer concentration is increased there ap-
pears new bands the maxima of which are shifted rela-
tive to the isolate polymer chain to a red side: 362,
369, and 375 nm. At C = 10–7 mol/l the absorption
spectrum demonstrates only one band with a maxi-
mum at 317 nm, but at C = 10–2 mol/l there appears
additional weak band with a maximum which is close
to that of the band in the absorption spectrum of the
polymer film.
The appearance of new longer-wavelength bands in
the FL spectrum of PDHS solid solutions with in-
creasing the polymer concentration suggests that there
occur clusters consisting of polymer chains different in
number, the number of the chains increasing with C.
The absorption (295 K) and FL (T = 10 K, exc =
= 313 nm) spectra of the PMPS solution in toluene
were studied with varying C from 10–7 to 10–1 mol/l.
The absorption spectra of the diluted solutions are
found to involve two bands with maxima at 280 and
326 nm, and at C = 10–4 mol/l the spectra of the solu-
tion and the film are coincident. It is know the FL
spectrum of the PMPS solution is independent of C
[11]. But we have found that the FL of the PMPS so-
lution in toluene essentially depends on C. The FL
spectrum of the PMPS solution with varying C from
10–6 to 10–1 mol/l is shown in Fig. 11. As is evident,
at C = 10–6 mol/l the narrow band is splitted into two
components of same intensity with maxima at 344 and
366 nm (curve 1). The same is true of the wide band: it
is splitted into 403 and 418 nm components. As the con-
centration is increased, there occurs a considerable
change in the positions of the narrow band components
– these occur at 348 and 356 nm, while the wide band
components are little affected (curve 2). As C = 10–1
mol/l the narrow band components are shifted to-
wards a red side and become 352 and 364 nm, respec-
tively ( the longer-wavelength band intensity is much
lower). In this case the wide band is no longer splitted
and has a maximum at 405 nm (curve 3). It should be
emphasized that at the above C the short-wavelength
band maximum is coincident with the maximum of the
corresponding band in the spectrum of the film. It
seems likely that in the solution there are two spatially
independent fluorescence centers which correspond to the
1368 Fizika Nizkikh Temperatur, 2006, v. 32, No. 11
N. Ostapenko, N. Kozlova, S. Suto, and A. Watanabe
360 380
0
1.8
2
4
3
1
1.2
0.6
, nm
I,
ar
b
.u
n
its
Fig. 10. Concentration dependence of FL spectra of PDHS
solution in toluene at 10 K at different concentrations C,
mol/l: 10–7 (1); 10–5 (2); 10–4 (3), and 10–2 (4).
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Fig. 11. Concentration dependence of FL spectra of PMPS
solution in toluene at 10 K at different concentrations C,
mol/l: 10–6 (1); 10–4 (2), and 10–1 (3).
polymer chains with different distribution of short and
long segments over length. Similar doublets with maxima
at 350 and 358 nm were observed in the FL spectra of thick
(d  7 nm) PMPS films [3].
Discussion
The controlled variation in pore diameter from 2.8
to 10 nm made it possible to study for the first time the
optical properties of polymers at their transition from
isolated macromolecules to a film. Such a transition is
shown to depend on polymer type and occurs through
the formation of new spatially independent polymer
structures not observed in the spectra of the film.
Let us consider the results of the investigation of
the optical spectra of composites in the case where the
polymers in question are incorporated into small pores
of MCM-41 (pores 2.8 nm diameter). It follows from
the relationship of sizes between a single chain of a
macromolecule and a pore (1.6 nm for PDHS and
 0.97 nm for PMPS) that in a separate pore of
MCM-41 there are only one macromolecule of PDHS
and two macromolecules of PMPS. In that case the
intermolecular interaction between macromolecules is
nonexistent or considerably decreased for PDHS and
PMPS, respectively. So the *– transition should be
shifted towards a blue side with respect to that in the
film and its position should be close to the electron
transition in the diluted solution, as observed experi-
mentally [4]. As is evident from our studies, this shift
is 20 nm for PDHS (Fig. 1, curve 1) and 7 nm for
PMPS (Fig. 6, curve 2). Moreover, the FL band max-
imum is at 358 nm for the diluted PDHS-toluene solu-
tion (T = 10 K) and at 348 nm for PMPS (Fig. 11,
curve 2), what is close to the FL band maximum in the
composites.
Localization of polymers in pores is supported by
the x-ray diffraction data for MCM-41 and the com-
posite PDHS/MCM-41. It is known [14] that the in-
tensity of diffraction peaks decreases as compared to
that for pure MCM-41. It was such dependences that
were obtained for the composites PDHS/MCM-41
(Fig. 3), evidence in favor of the existence of the poly-
mer macromolecules in a pore.
It should be emphasized that the FL spectrum of
the polymers incorporated into a pore 2.8 nm diameter
differs essentially from that of the solutions. Indeed,
the FL spectrum of the composites exhibits extra wide
bands in the visible spectral region with maxima of
410 nm (Fig. 1, curve 1) and 470 nm (Fig. 6, curve 2)
for PDHS/MCM-41 and PMPS/MCM-41, respec-
tively. These bands are no observed in the FL spectra
of the films.
It is know that the electron transition position of
these polymers depends highly on polymer chain con-
formation. The conformation modification may give
rise to defects in the polymer chain, i.e., new bands in
the FL spectrum. We suggest that the new wide FL
bands in the visible region with maxima 410 and
470 nm for PDHS and PMPS, respectively (Fig. 1,
curve 1 and Fig. 6, curve 2), that are not observed in
the spectra of the films and polymer solutions, are of
defect nature and associated with the conformation
modification of some segments of the polymer chain
caused by the interaction with SiOH groups on the
pore surface [5]. This suggestion is supported by the
following facts:
1. The lack of the wide band with a 410 nm maxi-
mum in the FL spectrum of PDHS incorporated into
MCM-41 with a high hydrophobic behavior [5].
2. The appearance of a new band in the excitation
spectrum of PDHS incorporated into a pore 2.8 nm
diameter on excitation into a wide FL band with a
410 nm maximum which is associated with the change
in the environment symmetry near defects and with
the resolution of the symmetry-forbidden transition
1Ag–1Ag [15].
3. A considerable decrease in the wide FL band in-
tensity with increasing temperature from 5 to 290 K.
It is considerable that the motion of polymer frag-
ments becomes feasible with increasing temperature,
resulting in reduction of polymer chain-pore surface
interaction and modification of conformation of poly-
mer chains near the surface.
Hence, we may suggest that a part of the polymer
chain oriented relative to the surface will give a nar-
row FL band while the defective part of the chain near
the pore surface provides a broad band, as observed
experimentally.
The FL spectrum of PDHS incorporated into
SBA-15 (Fig. 1, curves 2–4) differs essentially from
the FL spectrum of composite PDHS/MCM-41: there
disappears a wide FL band associated with the transi-
tion from defective states that come into existence due
to the modification of polymer chain conformation in
a limited volume; the spectrum becomes structural in
the UV region and displays even three bands. In addi-
tion, as the pore diameter increases one can observe a
substantial redistribution of intensity among these
bands, namely, the intensities of shorter- and lon-
ger-wavelength bands increase and the maxima of all
bands are shifted by some nanometer towards a red
sides. It is of interest that these three FL bands exist
simultaneously. This suggests that these bands corre-
spond to spatially independent states the energy trans-
fer between which is much reduced.
The above peculiarities in the FL and excitation
spectra of composite PDHS/SBA-15 are in correla-
tion with the increase of a number macromolecules in
Spectroscopy of nanosized composites silicon-organic polymer/nanoporous silicas
Fizika Nizkikh Temperatur, 2006, v. 32, No. 11 1369
a pore. Now the macromolecules will be oriented not
only relative to the pore surface but relative to each
other as well. In that case the polymer–surface inter-
action will diminish and the polymer–polymer one
will increase, resulting in disappearance of the wide
FL bands in the visible region (an additional verifica-
tion of their nature) and appearance of new bands in
the UV region. The longest-wavelength band is sug-
gested to be associated with the formation of clusters.
In correlation with this is a good coincidence of the
maximum of this band with the corresponding band in
the FL spectrum of the concentrated PDHS-toluene
solution (Fig. 10, curve 4) and with the FL maximum
of the film (Fig.1, curve 5). Interaction between ori-
ented chains in a cluster is supposed to cause a stabili-
zation of their structure and to give rise to a great
number of long segments in the polymer chain. In
agreement with this is the fact that it is precisely the
355 and 369 nm bands associated with transitions in
separated polymer chains and clusters that are the
most narrow bands in the spectra.
Orienting the polymer chains causes the number of
chains with different conformations to reduce, result-
ing in a decrease of inhomogeneous broadening and in-
crease of energy migration efficiency as compared to
the film, as evidenced by the weak temperature de-
pendence of the FL bands intensity for the composites
under consideration (Figs. 5, 7).
Observation of the shortest-wavelength 337 nm
band suggests that there are short chain segments in a
pore which are of more disordered conformation. In
agreement with this is the fact that the half-width of
this band is the widest both in the FL spectrum and in
the excitation one. We suggest that the disordered
polymer chains are near the pore surface for which of
more important is the interaction with that surface.
An addition evidence to this suggestion is the fact that
this band is absent in the spectrum of the solutions. It
should be mentioned that a similar FL band was ob-
served in [16] for thin PDHS films on quartz sub-
strates with decreasing film thickness down to 7 nm.
It was shown that in that case the polymer chain had a
gauche conformation and the respective broadening of
short-wavelength FL band occurred.
The FL spectrum of composite PMPS/SBA-15 dis-
plays only two bands in the UV spectrum with vary-
ing pore diameter from 5.8 to 10 nm (Fig. 6, curves
3–5). These are associated with the transitions from
isolated macromolecules and their clusters. The latest
is supported by the coincidence of the band maximum
with that in the FL spectrum of the film. This distinc-
tion compared the corresponding spectra of
PDHS/SBA-15 may be due to the fact that unlike
PMPS, PDHS is a thermochromic polymer.
The most essential distinctions in the FL spectrum
of PMPS/SBA-15 as compared to that of
PMPS/MCM-41 are associated with the changes in
the visible FL region. There are the disappearances of
not only the 470 nm defective FL band which is respon-
sible for by the modification of the polymer chain seg-
ment conformation but of the 420 nm defective band as
well which is observed in the FL spectrum of the film.
The surprising thing is that there appears a new strong
narrow band with a maximum at 372 nm (Fig. 6,
curve 3). As the pore diameter increases, the band be-
comes wider and transformed gradually into a wide
band with a 420 nm maximum (Fig. 6, curves 4, 5),
suggesting its defective nature. It seems likely that the
separation of polymer chains of a certain conformation
type is connected with their orientation in a pore.
Gaining a more complete understanding of the band
nature requires further investigation.
It should be noted that papers [17,18] have pointed
to the relationship between the occurrences of isolated
polymer chains or their aggregates in nanopores as
well as of polymer chains with amorphous or crystal
packing on organic polymer type and pore diameter.
Conclusions
The FL and excitation spectra of silicon–organic
polymers PDHS and PMPS incorporated into nano-
pores of porous silica materials MCM-41 and SBA-15
have been studied with varying pore diameter from 2.8
to 10 nm. It is shown that the optical spectra of the
nanosized polymers in a limited pore volume differ es-
sentially from those of films and solutions of the poly-
mers and depend on nanopore size. For a pore of a
small diameter (2.8 nm) one can observe mainly sepa-
rated macromolecules whose properties are determined
by the polymer–pore surface interaction. The appear-
ance of new wide bands in the visible region of the
spectra of these polymers which are of defective na-
ture, is associated with a considerable modification of
the polymer chain conformation due to the interaction
with SiOH groups on the pore surface. In this case the
forbidden transition is allowed, resulting in a change
of the environment symmetry near such defects.
As the pore diameter increases, a number of poly-
mer chains in a pore increase and the intermolecular
interaction between macromolecules becomes signifi-
cant. It is shown that the FL and excitation spectra of
such composites are structural in the UV region and
differ essentially from those in the case where there is
an isolated macromolecule in a pore. It is found that
transition from an isolated macromolecule to a film in
a limited volume depends on polymer type and occurs
through the formation of disordered and ordered con-
formations of polymer chains and their clusters. It
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should be mentioned that in the FL spectrum of
PMPS/SBA-15 there appears a new narrow band
with a maximum at 372 nm instead of a wide band
with a 410 nm maximum. Such a considerable narrow-
ing of the visible FL band (almost by a factor of
seven) was observed for the first time in the spectrum
of nanosized polymers and to explain this fact, further
investigation is required.
It is of interest that the FL spectrum of composite
PMPS/SBA-15 (pore 10 nm diameter, 10 macromole-
cules in a pore) is coincident with the spectrum of the
polymer film.
We gratefully acknowledge Dr. G. Telbiz for prep-
aration of the specimens used.
The work was partially supported by the Ministry
of Education and Science, grant No. M/128-2005.
1. H. Suzuki, H. Meyer, S. Hoshino, and D. Haarer, J.
Appl. Phys. 78, 2684 (1995).
2. M. Wuchse, S. Tasch, G. Leising, F. Lunzer, and G.
Marschner, Croatica Chim. Acta 74, 867 (2001).
3. N. Ostapenko, G. Telbiz, V. Ilyin, S. Suto, and A.
Watanabe, Chem. Phys. Lett. 383, 456 (2004).
4. N. Ostapenko, N. Kotova, G. Telbiz, S. Suto, and A.
Watanabe, Fiz. Nizk. Temp. 30, 658 (2004) [Low
Temp. Phys. 30, 494 (2004)].
5. N. Ostapenko, N. Kotova, V. Lukashenko, G. Telbiz,
V. Gerda, S. Suto, and A. Watanabe, J. Lumin. 112,
381 (2005).
6. C.T. Kresge, M.E. Leonowicz, W.J. Roth, J.C. Vartuli,
and J.S. Beck, Nature 359, 710 (1992).
7. D. Zhao, Q. Huo, J. Feng, B.F. Chmelka, and G.D.
Stucky, J. Am. Chem. Soc. 120, 6024 (1998).
8. E.P. Barrett, L.G. Joyner, and P.P. Halenda, JACS,
73, 373 (1951).
9. S. Suto, M. Shimizu, T. Goto, A. Watanabe, and M.
Matsuda, J. Lumin. 76–77, 486 (1998).
10. M. Shimizu, S. Suto, T. Goto, A. Watanabe, and V.
Matzuda, Phys. Rev. B63, 073403 (2001).
11. O. Ito, M. Terajima, T. Azumi, N. Matsumoto, K.
Takeda, and M. Fujino, Macromolecules 22, 1718
(1989).
12. S. Toyoda and M. Fujiki, Chem. Phys. Lett. 293, 38
(1998).
13. Yu.A. Skrushevski, Fiz. Tverd. Tela 44, 1705 (2002).
14. B. Marler, U. Oberhagemann, S. Vortmann, and H.
Gies, Microporous Mater 6, 375 (1996).
15. R.G. Kepler and Z.G. Soos, Phys. Rev. B43, 11908
(1991).
16. M.M. Despotopoulou, R.D. Miller, J.F. Rabolt, and
C.W. Frank, J. Poly. Sci., part B: Poly. Phys. 34,
2335 (1996).
17. M. Okazaki, K. Toriyama, and S. Anandan, Chem.
Phys. Lett. 401, 363 (2005).
18. A.J. Cadby and S.H. Tolbert, J. Phys. Chem. 109,
17879 (2005).
Spectroscopy of nanosized composites silicon-organic polymer/nanoporous silicas
Fizika Nizkikh Temperatur, 2006, v. 32, No. 11 1371
